Although white adults have more extensive aortic surface involvement with fibrous plaques than do blacks, adolescent blacks have more aortic fatty streaks (FS) than do whites of similar ages. Possible determinants of these racial differences in aortic surface involvement with FS were therefore examined in 44 decedents who had previously been examined as part of the Bogalusa Heart Study. Ages at death ranged from 6 to 27 years (mean, 18 years); the median interval between the last risk factor examination and death was 3.5 years. More extensive aortic surface involvement with FS was observed in blacks (n = 11) as compared with whites (n = 33; 37% vs 16%, p = .0003). This racial difference was independent of age at death, and was seen in both male and female subjects. Black-white differences in several of the previously measured risk factors (serum lipids and lipoproteins, blood pressure, and obesity) were also observed, and in both races, aortic FS were related to several of these characteristics. (For example, the correlation between levels of low-density lipoprotein cholesterol and aortic FS was 0.49 in whites and 0.73 in blacks.) However, even after controlling for antemortem levels of risk factors, blacks had an additional 16% surface involvement with aortic FS as compared with whites (p < .001). These findings suggest that the more extensive surface involvement of the aorta with FS in young blacks is not due to differences in clinical risk factors. Because more extensive raised lesions are found in white adults, the transition of FS to advanced atherosclerotic lesions may differ in whites and blacks. Circulation 77, No. 4, 856-864, 1988. ATHEROSCLEROSIS begins early in life. Fatty streaks are found in the aortas of nearly all children by the age of 3 years,1' 2 and appear in the coronary arteries during the second decade of life.3 Fibrous plaques also appear in the aorta and coronary arteries during the second decade.4 5 Antemortem levels of cardiovascular disease risk factors have been related to fibrous plaques (and more advanced lesions) in several autopsy studies of middle-aged men,6 and overwhelming evidence7' 8 implicates these lesions in clinical disease. Although the possible transition of fatty streaks to fibrous plaques remains controversial,9' 10
10 and 25 years, blacks (both males and females) have more extensive aortic surface involvement with fatty streaks than do whites. This observation contrasts with the more extensive raised lesions observed in aortas of white adults,2' 3 suggesting that the progression of fatty streaks to more advanced lesions may differ between whites and blacks. Racial differences in maturation do not account for these contrasting patterns of fatty streaks. 14 In a previous report based on 35 autopsies performed from 1978 to 1984,11 we also documented more extensive aortic surface involvement with fatty streaks in young blacks than in whites (37% vs 17%). In addition, aortic fatty streaks were strongly related to several risk factors, with correlation coefficients ranging up to .67 for both total and low-density lipoprotein (LDL) cholesterol. Previous epidemiologic studies of children and adolescents have revealed black-white differences in levels of serum lipids, lipoproteins, insulin, and blood pressure. [15] [16] [17] [18] The purpose of the current study was to determine whether black-white differences in aortic surface involvement with fatty streaks could be attributed to racial differences in levels of antemortem risk factors. Both stratification and regression analyses were used to examine this possibility in 44 decedents (age at death ranging from 6 to 27 years) who had previously been examined as part of the Bogalusa Heart Study.
Methods
Population. The Bogalusa Heart Study is an epidemiologic study of cardiovascular disease risk factors from birth through the age of 26 years in a biracial (one-third black) community. 9 20 Four cross-sectional surveys, each having a high participation rate and including over 3000 children,21 were conducted in Bogalusa, LA (ward 4 of Washington Parish) from 1973 to 1983. The populations of ward 4 and Washington Parish are approximately 22,000 and 42,000, respectively.
The first survey examined 5to 14- year-olds, and children up to age 17 were also included in the latter three surveys. In addition, school-aged participants were eligible for reexamination in post-high school surveys. 22 Risk factor information has also been obtained during exploratory studies conducted in Franklinton, a nearby community. Over 8000 different persons have been examined since 1973. A local information system was developed in 1978 to obtain family's or coroner's consent to conduct an autopsy on any resident of Washington Parish who was eligible to have been examined in the Bogalusa Heart Study. As of December 1986, autopsy specimens were collected in 104 cases (representing over 80% of all known, eligible deaths in Washington Parish), with ages at death ranging from 3 to 29 years. (Since our previous report,"1 an additional 18 individuals have undergone autopsy.) Over 90% of deaths were the result of accidents, homicides, or suicides; the remainder were related to clinical diseases, including renal, neoplastic, and infectious diseases.
Of the 104 deaths, 44 persons had previously been examined for cardiovascular disease risk factors. (Twenty-four of these had been examined more than once, ranging up to a maximum of six times.) Ages at last risk factor examination ranged from 3 to 20 years (mean, 14) , and ages at death from 6 to 27 years (mean, 18) . The interval between the last risk factor examination and death ranged from 1 year or less (n =7) to 12 years, with a median period of 3.5 years for both whites and blacks.
Risk-factor data. Procedures for obtaining anthropometric and cigarette smoking information, blood pressure, and serum lipid and lipoprotein measurements have been described in detail. 15-17, 19, 23, 24 Both ponderal index (kg/m )' and triceps skinfold thickness were used as measures of obesity. Smoking histories were obtained by questionnaire.24 Blood pressure was measured in the right arm, with the child in a relaxed, sitting position'7; the average of six measurements with a mercury sphygmomanometer was used in all analyses. Serum triglycerides and levels of total, very low-density lipoprotein (VLDL), LDL, and high-density lipoprotein (HDL) cholesterol were measured in a standardized laboratory.'5 Two ratios were formed with the use of the lipoprotein cholesterol fractions: HDL/(LDL + VLDL) and LDL/HDL.
Of the 44 decedents who had been previously examined, 11 reported smoking at one or more examinations, 20 were non-Vol. 77, No. 4, April 1988 smokers (at last risk-factor examination), and the smoking status of 13 was unknown. Antemortem levels of serum lipids and lipoproteins were not measured in three subjects. (Levels of triglyceride and VLDL cholesterol were not used in two additional persons because they were not fasting at the time of examination.) Blood pressure and anthropometric measurements were available for all decedents.
Grading procedures for lesions. After being longitudinally opened, vessels were fixed in 10% formaldehyde, Sudan stained, and mixed with specimens from other research projects. Aortas and coronary arteries were then visually evaluated for intimal surface involvement with atherosclerotic lesions with the use of procedures developed in the International Atherosclerosis Project26 and currently being used in the Department of Pathology. Three pathologists independently graded all vessels, without knowledge ofdemographic and risk factor data, and the mean score was used in all analyses. The overall extent of surface involvement of the coronary arteries was the mean of its three major vessels. In the aorta, gradings for the thoracic aorta were weighted twice as heavily as those for the abdominal section.
Of the 44 decedents for whom antemortem risk factor information was available, aortas were available in 43 cases; coronary arteries were obtained according to protocol in 37. The remaining specimens were not graded because of extensive damage from gunshot or other trauma.
Statistical analyses. Race, sex, and age differences in percentage surface involvement with fatty streaks for the entire (n = 104) series were first evaluated. Because fatty streaks in the coronary arteries were not normally distributed, the dispersion of the data was summarized by use of the 25th, 50th, and 75th percentiles27; median levels were contrasted with use of Wilcoxon tests. 28 Regression analyses were also performed to assess the independent relationship of fatty streaks to both race and sex. A square root transformation was used for coronary artery fatty streaks.
Subsequent analyses were restricted to the 44 decedents who had previously been examined for risk factors. As previously reported," Z scores were used to eliminate the effects of age and possible laboratory drift on risk factor levels. For the 24 persons with multiple risk factor measurements, adjusted levels were averaged over the various examinations. Antemortem levels of risk factors in the decedents were then compared with levels observed in 14-year-olds from the first (1973) (1974) risk factor examination in Bogalusa. Spearman correlation coefficients28 were used to examine the relationship of antemortem risk factors to aortic fatty streaks.
To examine whether black-white differences in the extent of fatty streaks could be statistically explained by differences in antemortem risk factors, both stratification and regression analyses were used. Risk factor levels were first dichotomized at the median level found in blacks (the racial group with the smaller number of decedents), and black-white differences in aortic surface involvement with fatty streaks were then contrasted at low (<median) or high (>median) levels of risk factors. In addition, after forcing both age at death and age2 into the model, a stepwise procedure (MAXR29) was used to find the variables most predictive of the extent of aortic fatty streaks. (In these analyses, age at death and age2 were expressed as deviations from the mean age at death (18 years) to avoid problems with multicollinearity.30
Results
Surface involvement with fatty streaks in both the aorta and coronary arteries is shown for the 104 decedents in table 1. (Because levels of coronary artery fatty streaks were markedly skewed to the right, 25th and 75th percentiles are presented in place of standard deviations.) Blacks consistently had more extensive aortic fatty streaks than did whites (31% vs 20% in both sexes, p < .001). This racial difference was seen in both the thoracic and abdominal aorta, but not in the coronary arteries. Although female participants tended to have more fatty streaks in the coronary arteries than did males, these comparisons were influenced by several outliers (e.g., 17%, 18%, and 22%) in females; median levels of fatty streaks were not significantly different in male and female participants in any of the coronary arteries. Mean ages at death were similar in the four race-sex groups. Figure 1 shows racial differences in aortic surface involvement with fatty streaks within various age groupings. (The association between aortic fatty streaks and age was curvilinear.) Blacks had approximately 1.5 times as much aortic surface involvement with fatty streaks than did whites in all age groups, with the exception of female participants below age 15. However, the two black girls in this age group were only 3 and 5 years of age, whereas the mean age of the five white girls in this category was 7 years. Subsequent analyses are restricted to the 44 individuals who underwent autopsy and who had previously been examined for cardiovascular disease risk factors. Table 2 shows a comparison of these levels with those from a reference population consisting of 14-year-olds. Although white and male participants were overrepresented among autopsied cases, antemortem levels of most risk factors (after controlling for race, sex, and age) in the two populations were similar. However, as compared with the reference population, black dece-858 dents had lower (-7 mm Hg) levels of systolic blood pressure, while total and LDL cholesterol levels were lower (-3 and -9 mg/dl, respectively) among white decedents. No significant differences in levels of serum triglycerides, lipoprotein cholesterol ratios, ponderal index, or triceps skinfold thickness were observed.
Levels of various risk factors and fatty streaks are shown in table 3 for the previously examined decedents.
Racial differences in levels of both total and LDL cholesterol were in the direction (black>white) that could possibly account for the racial difference (37% vs 16%, p<.001) in aortic fatty streaks. However, white male participants had lower levels of HDL cholesterol than did black males, and whites tended (p= .06) to have thicker triceps skinfold thicknesses 1 . Black-white differences in aortic surface involvement with fatty streaks. Values represent median levels within each race, sex, and age group. The two black girls in the youngest age group were only AZ scores and analysis of covariance were used to adjust for differences in sex and age between the two populations.
B14-year-olds who were examined in 1973-1974. cp < .05. than did blacks; adjusting for these differences would increase the black excess in aortic fatty streaks. Small black-white differences were also observed for levels of serum triglycerides and systolic blood pressure level (female participants only), but blacks and whites had similar levels of the lipoprotein cholesterol ratios. Spearman correlation coefficients between aortic (Risk-factor associations with fatty streaks were similar in the thoracic and abdominal aorta.) Within each race, increased aortic surface involvement with fatty streaks corresponded closely to increased levels of total and LDL cholesterol. In addition, although the negative correlation between aortic fatty streaks and HDL cholesterol did not reach statistical significance, strong correlations were observed with the lipoprotein cholesterol ratios. Both ponderal index and triceps skinfold thickness were positively associated with aortic fatty streaks in white, but not black, decedents. However, aortic fatty streaks were not associated with serum triglycerides, blood pressure, or cigarette smoking.
(Eleven decedents reported smoking at their last risk factor examination, 20 reported not smoking, and the status of 13 was unknown.) To determine whether racial differences in fatty streaks could be attributed to differences in antemortem risk factors, stratified analyses were first performed (table 5). Each risk factor was dichotomized at the median level seen in blacks, and racial differences in aortic fatty streaks were evaluated at either low (<median) or high (.2 median) levels of the covariate.
For example, at serum total cholesterol levels less than 175 mg/dl, blacks had approximately twice as much aortic surface involvement with fatty streaks as did whites (28% vs 15%), and a similar black-white contrast (44 vs 22%) was seen at cholesterol levels of 175 AStrata were formed by dichotomizing risk factor levels at the medium value observed in blacks. BValues represent percent aortic surface involvement with fatty streaks, mean + SD.
CSample size for whites is shown in parentheses. Sample size for blacks is either 5 or 6 (total = 11). mg/dl or greater. Although the extent of aortic fatty streaks increased at adverse levels of each risk factor, blacks had two or more times as much aortic surface involvement with fatty streaks within almost all risk factor categories compared with whites.
To eliminate residual confounding (e.g., the mean cholesterol level in blacks was greater than in whites even at "low" levels of serum total cholesterol: 146 vs 137 mg/dl), regression analyses were then performed. Table 6 shows the results of a stepwise analysis predicting the extent of aortic fatty streaks. After first controlling for age at death, LDL cholesterol and race were the characteristics most strongly related to aortic surface involvement with fatty streaks, accounting for 69% of the variability in aortic fatty streaks. The estimated regression coefficients indicated that each 25 mg/dl increase in LDL cholesterol (roughly equivalent to its standard deviation) was associated with an addi- tional 7% surface involvement with fatty streaks. However, even at comparable levels of LDL cholesterol and age at death, black decedents had an additional 16% aortic surface involvement with fatty streaks. Figure 2 shows the observed and predicted (from table 6) relationship of aortic fatty streaks to both race and LDL cholesterol. (A positive race x LDL cholesterol interaction approached statistical significance [p = .09], suggesting that the estimated regression line may be steeper in blacks than in whites.) The strong relationship of aortic surface involvement with fatty streaks to levels of LDL cholesterol is evident. However, even at comparable levels of LDL cholesterol, a marked separation of aortic surface involvement with fatty streaks in blacks and whites was observed.
Discussion
Results of the current study demonstrate that during adolescence and early adulthood, blacks have approximately 1.5 times as much aortic surface involvement with fatty streaks as do whites. Although this blackwhite contrast had been previously observed in specimens from New Orleans, 1 2, 4, 12 the current results show that the additional aortic surface involvement with fatty streaks in blacks is not due to differences in antemortem levels of serum lipids and lipoproteins, blood pressure, or obesity. A comparable black excess was not observed for fatty streaks in the coronary arteries.
The rapid development of aortic fatty streaks in black, as (27) 31 (23) 19 (11) 32 (17) 1978-1986 Current study 18 (25) 32 (9) 19 (7) 37 ( LDL Cholesterol (mg/dl) FIGURE 2 . Linear regression analysis of aortic surface involvement with fatty streaks. The two regression lines represent the predicted (from table 6) surface involvement with fatty streaks for blacks and whites.
finding. Black-white differences in aortic fatty streaks from these previous studies, along with the current results, are shown in table 7 . Although the number of graded specimens in each study was small, consistent racial differences in aortic fatty streaks have been observed over the 35-year period. Combining the results of these studies (using weighted means) yields an increased aortic surface involvement with fatty streaks in the 170 blacks (29%, females and 28%, males) as compared with the 130 whites (17%, males and 16%, females). Because raised atherosclerotic lesions (in both the aorta and coronary arteries) are more prevalent in white than in black adults,13 the more extensive aortic surface involvement with fatty streaks during adolescence and early adulthood in blacks is difficult to explain. Possible selection biases31' 32 are unlikely to account for the current findings because (1) over 80% of all eligible participants in a well-defined population who died underwent autopsy, (2) the vast majority of deaths were due to accidental causes, and (3) the time interval between the last risk factor examination and death was similar in both races. However, as compared with a reference population, white decedents in the current study had decreased levels of LDL cholesterol, whereas black decedents had decreased levels of systolic blood pressure. Because of the very strong association between LDL cholesterol and aortic fatty streaks (r = .49 in whites, .74 in blacks), the resulting 14 mg/dl black excess in levels of LDL cholesterol among the 862 decedents may have exaggerated the unadjusted racial differences in aortic fatty streaks. However, even at equivalent levels of LDL cholesterol (as seen in crosssectional studies in Bogalusa),'5 16 blacks showed an additional 16% aortic surface involvement with fatty streaks.
Because of the white excess in raised lesions in later life, the rate of progression of fatty streaks to fibrous plaques may differ among populations, and Robertson et a133 have suggested that these rates may determine the risk of coronary heart disease in later life. White children may be particularly susceptible to arterial lipid deposition with subsequent fibrosis and its sequelae.12
Tracy et al. 34 have argued that subjects with coronary heart disease exhibit increased fatty streak conversion to raised lesions. It is also possible that factors related to the development of fatty streaks may differ from those influencing the progression of these lesions to fibrous plaques. Although several clinical risk factors are related to both fatty streaks and more advanced atherosclerotic lesions,6' 11 additional agents may be operative at either stage. Alternatively, some raised lesions may arise independently of fatty streaks. Although the progression of aortic fatty streaks to fibrous plaques has been questioned based on differences in topographic patterns,9 recent evidence35' 36 indicates that the spatial distribution of fatty streaks and fibrous plaques in the aorta are similar. Although not every fatty streak inevitably goes through the changes eventually resulting in arte-CIRCULATION Li rial occlusion, the fatty streak appears to be an essential primary step in this process. It is possible, however, that there are several types of fatty streaks that differ in their ability to progress to more advanced lesions. McGill37' 38 has suggested that transitional fatty streaks are thicker and contain more extracellular lipid, connective tissue, and necrotic areas of smooth muscle cells than do nonprogressing juvenile fatty streaks. Katz et a139 demonstrated that some aortic fatty streaks have chemical and physical properties that are intermediate between ordinary fatty streaks and advanced necrotic plaques. Histologic studies, using data collected by the International Atherosclerosis Project, indicate that the progression of aortic fatty streaks to raised lesions may be related to leukocytic infiltration and necrosis40 and an increased density of smooth muscle cells.4' Several of these characteristics of fatty streaks may differ in whites and blacks during adolescence. Results of this community-based study show that black-white differences in aortic fatty streaks during early life cannot be attributed to differences in antemortem levels of cardiovascular disease risk factors. Documentation of these earliest observable lesions is necessary for an understanding of the natural history of atherosclerosis, and racial differences in fatty streaks (opposite to those observed for advanced lesions) illustrate that the progression of atherosclerosis is not inevitable. Further study of the factors influencing the transition of fatty streaks to fibrous plaques may result in a more rational approach to the prevention of cardiovascular disease.
